Abstract The relationship between neighborhood/individual characteristics and pediatric intensive care unit (PICU) outcomes is largely unexplored. We hypothesized that individual-level racial/ethnic minority status and neighborhoodlevel low socioeconomic status and minority concentration would adversely affect children's severity of illness on admission to the PICU. Retrospective analyses (1/1/2007-5/ 23/2011) of clinical, geographic, and demographic data were conducted at an academic, tertiary children's hospital PICU. Clinical data included age, diagnosis, insurance, race/ethnicity, Pediatric Index of Mortality 2 score on presentation to the PICU (PIM2), and mortality. Residential addresses were geocoded and linked with 2010 US Census tract data using geographic information systems geocoding techniques. Repeated measures models to predict PIM2 and mortality were constructed using three successive models with theorized covariates including the patient's race/ethnicity, the predominant neighborhood racial/ethnic group, interactions between patient race/ethnicity and neighborhood race/ethnicity, neighborhood socioeconomic status, and insurance type. Of the 5,390 children, 57.8 % were Latino and 70.1 % possessed government insurance. Latino children (b = 0.31; p \ 0.01), especially Latino children living in a Latino ethnic enclave (b = 1.13; p \ 0.05), had higher PIM2 scores compared with non-Latinos. Children with government insurance (b = 0.29; p \ 0.01) had higher PIM2 scores compared to children with other payment types and median neighborhood income was inversely associated with PIM2 scores (b = -0.04 per $10,000/year of income; p \ 0.05). Lower median neighborhood income, Latino ethnicity, Latino children living in a predominantly Latino neighborhood, and children possessing government insurance were associated with a higher severity of illness on PICU admission. The reasons why these factors affect critical illness severity require further exploration.
Introduction
Among adults, health care disparities are well documented and are seen in examples such as renal transplantation, non small-cell cancer survival, referrals for cardiac catheterization, and survival after in-hospital cardiac arrest [1] [2] [3] [4] [5] . There are significantly fewer examples of health care disparities in the pediatric medical literature and even fewer regarding pediatric critical illness [6] [7] [8] [9] [10] . In a prior study of 80,739 patients, we found that, after controlling for severity of illness, being female, B1 month or C12 years of age, having an infectious or oncologic diagnosis, or ''other'' insurance type increased pediatric intensive care unit (PICU) mortality, but race/ethnicity did not [10] . While age, diagnosis, and gender were indisputable influences on outcomes in the PICU, investigation of additional covariates was warranted to further substantiate health care disparities in pediatric critical illness.
Neighborhood and individual characteristics, such as poverty, race/ethnicity, socioeconomic status (SES), education, health care literacy, English-language proficiency, acculturation, and others, have been shown to affect health care outcomes in various settings and may act as barriers to optimal heath care creating health care disparities in pediatric critical illness as well [11] [12] [13] [14] [15] [16] . Nevertheless, the role of these geographic and sociodemographic factors as they relate to PICU outcomes is not well understood. One method that may help create a better understanding of these factors in a geographic context, as they related to the PICU, is geocoding. The geocoding process of placing data points for individuals into a spatial context and then modeling the effects of local social characteristics has been critical to providing ecological context to demographic phenomena and understanding social determinants of health [17, 18] .
Prior studies have found correlations between a wide range of neighborhood social characteristics and health care outcomes [19] [20] [21] [22] [23] . Using the percentage of African American residents by ZIP code as the primary predictor variable, Rodriguez et al. [21] analyzed the time from day 90 of end-stage renal disease to death from any cause and time to first renal transplantation of adult dialysis patients. For both Caucasian and African American patients, renal transplantation was lowest in ZIP codes with C75 % African American residents compared to those with\10 % African American residents [21] . In the pediatric literature, Shipman et al. [20] found that primary care service areas in the US that had [3,000 children per child physician had greater poverty, lower median household income, and were more prevalent in rural areas compared to areas with \1,000 children per child physician. In Canada, it has been noted that there is a similar uneven distribution of primary care providers, despite the existence of universal insurance coverage [24, 25] . Guttmann et al. [19] reviewed the distribution of children, primary care physicians, and counties in Ontario, Canada, and found that the lowest physician supply counties ([3,500 children per full-time equivalent child physician) had a significantly higher proportion of children with no primary care physician and newborns without follow-up compared with the highest-supply counties (1,500-1,999 children per full-time equivalent child physician). Furthermore, children living in the lowest physician supply counties were at a higher risk for all emergency department visits, low-acuity emergency department visits, emergency department visits and hospitalizations for asthma, and acute ambulatory care-sensitive condition hospitalizations compared to the highestsupply counties [19] . The lowest neighborhood income quintile appeared to place children at a higher risk for lowacuity emergency department visits, hospitalizations for asthma and diabetes, and acute ambulatory care-sensitive condition hospitalizations [19] . However, this study did not compare outcomes by racial/ethnic characteristics. Colvin et al. [22] further emphasized the effect of SES on mortality by showing an inverse linear association between SES and in-hospital pediatric mortality. In adult patients with critical illness, Mendu et al. [23] found that neighborhood poverty rate was associated with blood stream infection near critical care initiation. The adjusted risk of community-acquired bloodstream infection was 1.32 (95 % CI 1.11-1.56; p = 0.002) and 1.51 (95 % CI 1.04-2.20; p = 0.03) for patients from neighborhoods with 20-40 and [40 % poverty rates, respectively, compared to patients with a neighborhood poverty rate \5 %. Nonetheless, these studies do not address the impact of neighborhood and individual characteristics in the setting of children with critical illness.
The purpose of this study was to determine whether or how geographic location and SES affected a child's severity of illness on admission to the PICU and mortality, after adjusting for patient race/ethnicity, age, diagnosis, and insurance type. We also sought to examine the interaction between a child's race/ethnicity and the neighborhood race/ethnicity to determine whether racial/ethnic enclaves were protective or higher risk for poor PICU outcome. Given that prior research has shown the impact of SES, race/ethnicity, and racial/ethnic enclaves on health, we hypothesized that children who were racial/ethnic minorities and/or lived in low-SES or predominantly minority neighborhoods would have a greater severity of illness on admission to the PICU and a higher risk of mortality.
Materials and Methods
The present study was a retrospective data collection, integration, and analysis from hospital databases [electronic medical record, ''KIDS'', and the PICU databases at Residential address data in ''KIDS'' were linked to the PICU and cardiothoracic databases which provided clinical data including age, gender, race/ethnicity, primary diagnosis, reason for admission, ICU admission and discharge date/time, scheduled versus unscheduled admission, readmission to the ICU, Pediatric Index of Morality 2 (PIM2) score [26] , operative status, insurance type, and mortality. The PIM2 describes how sick the child was at the time intensive care was started. Variables used to calculate the PIM2 include systolic blood pressure, papillary reactions to bright light, partial pressure of arterial oxygen, base excess in arterial or capillary blood, mechanical ventilation at any time during the first hour in the ICU, admission status (elective or non-elective), recovery from surgery or procedure, admitted following cardiac bypass, and high and low risk diagnoses (described in reference article) [26] . The insurance type was initially arranged into 4 groups. The first group, non-government insurance, was comprised of commercial/indemnity insurance and managed care. The second group, government insurance, was comprised of government, Medicaid, Medicaid/managed care, Medicare, Medicare/managed care, and National Health Service types of insurance. The third group, no insurance, was comprised of self-pay or charity care. The final group, ''other'', was comprised of patients with other insurance type, no fault (unidentified type of insurance, such as auto insurance), or blank entry. Because children with no insurance or ''other'' insurance were such a small percentage of the total group (22 and 9 cases, respectively), the no insurance and ''other'' insurance groups were added to the non-government insurance group for analysis, so that the logit model could contrast the largest group, government insurance, between all other insurance types that are not government related.
Residential addresses were geocoded and linked with 2010 US Census tract data, using geographic information systems (GIS) techniques [27] . Repeated measures linear and logistic regression models to predict PIM2 and mortality were constructed using three successive models with theorized covariates including the patient's race/ethnicity, the neighborhood racial/ethnic group predominance (90th percentile racial/ethnic enclave), interactions between patient race/ethnicity and neighborhood race/ethnicity, neighborhood socioeconomic status, and insurance type. A 90th percentile racial/ethnic enclave was defined as the predominance of a neighborhood racial/ethnic group where that racial/ethnic group was at the 90th percentile for that specific racial/ethnic group concentration. Significance was set at p \ 0.05. The study was approved by the local Institutional Review Board, also known as the Committee on Clinical Investigation, at Children's Hospital Los Angeles.
Results
Of the 5,720 patients obtained from the databases, 5,390 had complete clinical data and residential addresses (94 %). Of the 5,390 patients used for analysis, 316 (5.9 %) were obtained from the cardiothoracic ICU database and the remainder were obtained from the general PICU database. A majority of the patients were female, children ages 1-12 years (with an average age of 7.8 ± 6.4 years), Latino ethnicity, possessed government insurance, and had a primary respiratory diagnosis (Table 1) .
According to the 2010 US Census, the US population is comprised of 63.8 % Non-Latino/Hispanic Caucasians, 16.4 % Hispanics or Latinos, 12.2 % Non-Latino/Hispanic African Americans, and 4.8 % Non-Latino/Hispanic Asian/ Indian/Pacific Islanders [28] . In the US, 36.3 % of the population is classified as minority (reported race/ethnicity to be other than Non-Latino/Hispanic Caucasian alone) [28] . In contrast, California has the largest minority population in the US at 59.9 % [28] . This is even more apparent in Los Angeles where, according to the 2010 US Census, Los Angeles County is comprised of 47.7 % Latinos, 27.8 % Non-Latino/Hispanic Caucasians, 13.7 % Non-Latino Asian/Indian/Pacific Islanders, and 8.3 % NonLatino African Americans [29] . Our cohort was consistent with the majority Latino population observed in Los Angeles County. In our study, the 90th percentile Latino enclave was defined as 89.0 % Latino proportion of a neighborhood population. The 90th percentile African American enclave was defined as 22.7 % African American proportion of a neighborhood population. The 90th percentile Asian/Indian/Pacific Islander enclave was defined as 35.0 % Asian/Indian/Pacific Islander proportion of a neighborhood population.
On average, Latino children (b = 0.31), Latino children living in a Latino ethnic enclave (b = 1.13), or children possessing government insurance (b = 0.29) had a relatively higher PIM2 risk of mortality. The median neighborhood income was inversely associated with PIM2 (Table 2) . No variable tested was significantly associated with ICU mortality. The observed PICU mortality was low at 5.2 %.
Discussion
In this study, a lower median neighborhood income was associated with a higher initial severity of illness on
presentation to the PICU. Latino ethnicity, Latino children living in a predominantly Latino neighborhood, and children possessing government insurance were associated with a higher initial severity of illness on ICU admission. Nevertheless, mortality was not associated with these variables. Despite a lack of studies to compare to in the pediatric critical care literature, our results show similar geographic and socioeconomic effects on health care outcomes as prior investigations in other medical settings [19] [20] [21] [22] [23] . While our findings are supported by previous research in other non-PICU settings, the data suggest potential risk factors other than socioeconomic variables that warrant further investigation. In particular, understanding why Latino children living in Latino enclaves tend to be more critically ill upon arrival to the PICU than other racial/ ethnic minority groups living in other sorts of neighborhood social environments. Similar to other recent studies, this finding challenges the notion that ethnic enclaves are universally protective [30, 31] . Our findings suggest that living in socially isolated immigrant enclaves tends to result in greater morbidity upon PICU admission over and above the effect of patients' ethnicity and of controls for income and insurance type. Socioeconomic status is thus a significant determinant of health and mortality, but it is only one facet of a complex interplay of variables [32] .
In social terms, this effect of locally concentrated immigrant social environments on health outcomes may result from low acculturation (low English language skills, little understanding of the health care system and available resources) translating into low information about specific care options that may be indicated [33] . Theoretically, low acculturation in immigrant enclaves is believed to be more than a simple aggregation of low acculturated individuals. Rather, low collective social capital in such neighborhoods creates a negative synergy in which local friends and neighbors are less able to help and advise each other. In other words, health care literacy is a network function; when geographically fixed social networks are systematically low in information, each member becomes further impoverished.
Other factors not examined by our study may further explain the low collective social capital of neighborhoods at risk for poor health outcomes as well. In the study referred to earlier by Rodriguez et al. [21] a lower level of education was more prominent in the lower socioeconomic neighborhoods. While the level of education often determines socioeconomic success, it also is a significant determinant in health care literacy. Parent/caregiver health care literacy has been found to independently affect health outcomes [34, 35] . Understanding what one needs to do is necessary, however not entirely sufficient for adherence to medical recommendations.
Another factor that may be involved with the health care outcome in lower socioeconomic communities is physician access [19, 20, 36] . Shipman et al. [20] showed that primary care service areas in the US that had greater poverty, lower median household income, and were more prevalent in rural areas had a lower concentration of physicians. Shipman's study did not compare outcomes relative to the number of children per child physician in these primary care service areas, nor did it include other important covariates, such as insurance status and racial/ethnic characteristics; however, fewer available physicians in poorer areas resulting in health care inequity was reported by Guttmann et al. [19] . Even with a universal insurance model, as seen in Canada, there seemed to be no guarantee of equal access to health care [19] . While socioeconomic variables affect health care, it may not be the only driver of health care disparities [32] . Regardless of the causes of health care disparities, it is important to define the actual measured health care indicators, which may vary depending upon the health care setting. Our study, in conjunction with other ICU and non-ICU health care disparities research, highlights the need to reassess relevant PICU disparity outcome variables. In the reports by Mendu et al. mortality does not seem to be a useful outcome variable in the ICU setting. In the study from Mendu et al. [23] community-acquired bloodstream infection in the 96 h surrounding critical care initiation did not affect mortality. These findings were corroborated by an earlier study by Zager et al. [37] where no relationship was found between neighborhood poverty and mortality up to 1 year following critical care admissions. The specialized care delivered in the ICU seems proportional to the severity of illness and patients appear to survive or die based on the degree of physiologic derangement on arrival to the ICU, rather than race/ethnicity or socioeconomic status alone [9, 10, 37] . Because of the overall low observed mortality in children and children admitted to the ICU, a large number of ICU admissions is required to have selected variables show significant associations with mortality, yet even large numbers may not even be enough to explain mortality association patterns in children. This is emphasized by the study of the effect of SES on in-hospital 
The very large and significant incremental risk effect for Asian/Indian/Pacific Islanders living in African American enclaves (A_B90) attaches to a subpopulation of five patients and should therefore be considered dubious pediatric mortality by Covin et al. [22] where death occurred in 0.84 % of all pediatric hospitalizations. Even after capturing data from 1,053,101 hospitalizations at 42 tertiary care, freestanding children's hospitals, association between lower SES and increased in-hospital pediatric mortality was only found in 4 of 9 definable hospital service lines (cardiac, gastrointestinal, neurologic, and neonatal) [22] . This places measures addressing morbidities (such as length of ICU or hospital stay, functional status upon discharge from the ICU or hospital, ICU or hospital cost, or utilization of life-sustaining resources) as possibly more significant and useful outcome measures in the ICU than mortality. Furthermore, because of the overall low mortality generated in ICUs and the vast number of variables both inside and outside of the ICU that may impact patient mortality, morbidities may be more suitable and realistically obtainable outcome measures than mortality. Our retrospective study has several limitations. First, the study results depend upon collected data from multiple databases including 2 ICU databases, a hospital electronic medical record, and the US Census. To reduce bias, only records with all available desired study data were used. Of our total cohort of patients, only 6.0 % were not included because of incomplete data. In addition, the US Census data used is considered accurate and the parcel-based geocoding methods used are perhaps the most precise available. Another limitation of the study is that it was performed in a single, tertiary referral center with a different racial/ethnic patient composition than other PICUs in the US because of the large Latino population which the hospital serves. This may limit the ability to generalize our findings to all PICUs at the moment; however, considering the population trends in the US with an estimated 31.3 % of the total population being of Latino origin by 2050 [38] , this study highlights the importance of assessing the future needs of the Latino population for all PICUs in the US. Modeling both the neighborhood and individual characteristics of critically ill children, as facilitated by geocoding, can help identify risk factors for poorer health upon admission to ICUs-factors that may affect ICU outcomes, regardless of the type of hospital or racial/ethnic composition of the community.
Our study underscores the importance of neighborhood and individual characteristics' impact on medical outcomes in the PICU. The complex nature of the interactions between these characteristics and ICU outcomes subsequently introduces more questions than answers, regarding the best ICU outcome measures and causal factors for health care disparities in the ICU. Based on this study, future research should focus on potential risk factors, other than SES, in the Latino population and Latino enclaves to understand why these children are more critically ill upon arrival to the PICU. There may be a number of other important health care access barriers that affect pediatric ICU outcomes and may help explain the results of this study [11-16, 19, 20] .
Conclusion
Health care disparities may be responsible for the morbidity and mortality of many critically ill children before they are even admitted to the PICU. Nevertheless, the investigation of health care disparities in pediatric critical care medicine is in its infancy and should include investigations not only within the ICU, but also beyond the ICU. The field of critical care medicine, both adult and pediatric, is still trying to identify risk factors for and develop measurements of health care disparities. Once these risk factors identified and measurements are determined, only then can pediatric critical care medicine engage in meaningful discussions about preventing health care disparities amongst all critically ill children.
